Searching PAJ 



1/2 ^— V 



PATENT ABSTRACTS OF JAPAN 



(3 



(51)IntCL 



(1 DPublication number : 10-145003 
(43)Date of publication of application : 29.05.1998 



H01S 3/18 
H01L 21/203 
H01L 33/00 
// H01L 21/205 



(21 Application number : 08-304414 



(22)Date of filing 



15.11.1996 



(71 Applicant : HITACHI LTD 

GIJUTSU KENKYU KUMIAI 
SHINJOHO SHIYORI KAIHATSU 
KIKO 

(72)Inventor : KONDO MASAHIKO 
KTTATANI TAKESHI 
NAKATSUKA SHINICHI 



(54) SEMICONDUCTOR LASER AND OPTICAL COMMUNICATION SYSTEM USING THE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
laser having high performance by reducing a strain of an 
active quantum well layer under the condition of 
sufficiently ensuring an electron and hole confinement 
energy of a long wave length band semiconductor laser. 
SOLUTION: An active layer 7 is made to have a quantum 
well structure, a nitrogen system V group mixed crystal 
semiconductor such as GalnNAs is used for a well layer 
6, and a semiconductor of stretching strain for barrier 
layers (light guide layers) 4 and 5. GaNAs or GaNPAs is 
preferable for the semiconductor having stretching 
strain. Electron and positive hole confinement energy 
can be sufficiently ensured by using the nitrogen based 
V group mixed crystal semiconductor for both the well 
layer 6 and the barrier layers 4 and 5. Also each layer s 
strain of the quantum well active layer and the total 
strain can be simultaneously reduced by stress 
compensation by the well layer 6 and the barrier layers 4 
and 5. By this means a semiconductor laser having a 
high performance can be provided. 
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5¥a£f*U— !f„ 

¥e£<*w- If. 

3 ] IS#5S 1 * fctt 2 tcRIKO^K^ U— tf 

±IBIS|§Ji#G a N A s *fc«G aNPAs«SCi 

[ MSB 4 ] IfcRfl 1 * fctt 2 tcfBt£©*i£f* u — tr 

±iB#FH*iGa I nNAsf*SCi^iiti$ 
Wftl/— »f. 

[SW3I5] HI*3Slttt,»t/4©C>-rtl3j»l««:fB« 

^©H&i&i&x*^-**! 5 OmeVW±*0, * 
*s*>o, jEfLOHDi&a&i*^-*^ Om eVfeLh* 

t. #*B!DC«>£*7;> KB (ifctt*"*— 

t. ^bfc3frfc£W-1f#&»*fc&©#S»1«tt* 

^**#tf ni-vK®S^(*tc <fc £S&-©*«f*Ji 4 
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±13*^1* u - if 
^©^ftu-iftcfc^r. 
[M$js 1 1 ] is^js i &c» L i o ©(,>-rn#> i ^tc 

IBiS©¥*H* u- — tf a. 
[&W©i*JNllttiB9n 
10 [ 0 o 0 l ] 

[$PJ!©M-r&£fl5#»] iiusftu— tf&ffi 
kwu «Btc. g^g^^u-if©^©^^ 

[000 2] 

3SW*U— 9*6*. £T I nPSfiUiKfPSSSft. ffittS 
(CGalnPAs £fc«A 1 G a I n A s jgfi¥3W** 
m^X^Z. fi^#F*»£fc£C>'/ItFr^&§M*jS©i$ 

©jda#is*7 r -/ /<aflrc»*»»u— tranre^*. 
-^©effi=fg{b<b®M«s*<b*s£>?it , *'3 > ?^ip«^ 

fli^^ft: u — if tm <,-m>htix^i>. 
[ooo3] sis. tf©a 

30 8*15 14©*1ift&##»?f?-C* SffM^G a I n N A s 

©ifi^-^£bTNffl)i£Mfcsi±/c£*. zvmm 

m~§rC±i)W&h-frtiCrji->X%1c. Jpn. J. App 
1. Phys. vol. 35 (1996) pp. 127 

mVtm (GalnNAs) tf©ffittll«:ffl 
40 (,^SC£(CJ:i5 . ^/y -i»A5tti^ (Ga A s ) »&±tcS 

eta, *®*#@®ss4^fi£©«a$*>e.> 

U— tffgfSfcWfiJ-cab^ci^ift-rs. cct? 

At*. fiSillliWt©***!^©-?** 

tf. 

[0 004] 

[ftW&m&O J: ^ i-T 2>lil®] ±IB?R^3 nfc^tt 
50 U— tf«. Ga I nNAs£SiP#FJ§K:, GaAs* 
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m&m KB) tcfl3C^c*^#F?St*JB*W0r 

Ga InNAs tGaAs(D^> F^-f 
&Coi>T02£ffit>Tt&9iT& o i2(Dfi^Ga I 
nAs^OF7^>t77^, S^GaNAsO 
vy'&Tftf* Ga I nAsiGa NA s 

Wiltllo/Co ^t, GaAs#yfiLBc< 
£ e I*10<fc9, GaAs^I n^JOitGa InAsl 

— GaAs^NI:)IlirGaNAsS B B B flftit 
if ? i feTOt 4 C i^^o Ga NA s 

[0 0 0 51 4, GaInAs(CN?:)30KGaInN 
As^,fl¥^f*£T£«££#** 0 02CCfel^e2» 

^(iA*>6B*. c^iTit^. mm* 

^tfD£>6E,£. F^iTStS. S«fc*hr£ffl 20 
m^Q±l?/TI$OH^#G alnAsiGaNAs 
tt/ctf\ GaAsift^-r^GalnNAs 
CDffim^, ^0F& GaAsCD«m^CDU^ 
;t/<h-gnr* 0 ^^X, fi^#FBKGaAstt:f£?-S? 
^1/cGa I nNAs^litCGaAs^Ora^l 

T-#Ft&rcw\ n*\mciMt>z>ca&-c%xi>. ie 

[ooo6] ccorasicc^ur , Jiiefgs^mG a i n 
n a s <omn*^*m 2 o e g^&mznz c tic*-? 

tSKlltl^ G a I n N A s £rEE£§IEB <h 30 

T&C£Tffim^£J$*3±W\ GaAstDBl^Si 

^D&i&x*^- (5 0meV«±) £^£/c*?)K: 
tt % GaInNAs*+l. 5%«±I^?^WWj: 
fcttt*. H2T^G a I n N A s S^#FB~ei£lkXPS 
0«44»«IT4fcftK:ttGa I nNAs§T#FB£> 

[0 00 7] £6tefrj$U/cffi^rte, GalnNAs 

atf-f FltGaA s t 2+FB^G a I nNAsit5¥ 

tt, S3 7 n mOG a I n N A s ?>ht^ 

£ e #*R#CCbWSGa I n N A s CDNjfifSte 1 %WT 50 
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mSfti^ttl. 5 5mn1RcI^bfc*ltltl4l/-1f 
«ff»r&(ca. NiSW1^4Xffl«HI'C*6 i 

[0 00 8] Ntt, -e<DJ®^*S^3fe^6fflCi6nT 
#tem-vK^fl*mJ: 0 fe#Wc/h3^fcat>. G a 

InNAs tWa-T *«©7SRi 5 * < E^3i*£ t i 
«LC^, <fcoT, t»»»±ra*te#F»*Ga I n 
NAsfltUcii^ NfflfiKOifAtC^n, ^SttO 

Ga I nNAs t#F»CCffllifc»T-#FCC*5C* 

^T^K»JStlTC^ a *StC, 3%«±<DNffll£#g* 
$ft£l. 5 5MmS*iftU-f^te^ttt, COM 
B#SWg£&£. *CC, $^OS20SK)li, Ga 
InNAs ^fSttH^fflC^c®S«ftttc®n^3feilMffl 

t> % 1. SB/Ltm^rS^^SiSSr^Sg-r^rSttJl^ 

Cite**. 
[0 00 9] 

[■m*w***fc»<D*«] *^(D±ia»icDaw 

#F»ecffiBa*<D¥aw«:«c^ »MB 
KB) tef#5BS<D*3Mfc*ffi^ cn^GaAsig 

i*iltGaNAs^diGaNPAsl:fflC^Ci 

[0010] 034^1^, #FB#Ga I n N A s , 
PSSB^GaNAsOia^CcoC^TI*0J-r^o GaNA 
s SjfiL iW^ffBT^liftS. 450me 

HB#G a A s O^teG a I n N A s CDffl^F-SHS E 

Y«£TC<fcl>o cfc^T. Ga I nNAsCD^iSMr^ 
£/t> -tQi8£\ GaNAsKSBOWSMS-CGa 

i nNA s #F»©ff«ffi*ffi« mm.) -cs, 

&<D**)V¥-mz£^XfflO&&>h1riZ>o GalnN 

Ml50me V«±S^Ct^ig^6o 
^©WCii***^-* 1 5 0meV£LL£U IE 
?L<DHDiia&x*Jl/=F--*5 Ome VJ&LL£*r£<, 
[0 0 1 1 ] MSBKGaNPA stffl^S»^B, P 

*Jl/**-£*£<So/t££, G a I n N A s #F1I<E> 
M^<):0ffiSf6C«!:^^ o #FBte, Gain 
NAstC, Al. P. */c»Sb*^>g*^fct©-e 
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[0012]**:, #«B©±E»2©SWtt, 

■«c«t^tom-vlW»¥«#«: J: SHI-<D¥iSf* 
JBi«*t*^in-viSaB**aW*«c J: 

[0 0 13] sefcBSlXifi'**^ 05Cc^T£5 

MIC, ifVVA&Mmm ' GaN(0.0085)A s (0.9915) 
l/-f>y->Aaffl»* : I nN(0.0085)As(0.99l5) 
lffltt^Sfli^So C©£*. &«&cfctt£N<Dfflj£Jt 
£0. 00 85<hT£C<h&Cj;r). S^OJfcSiifcB*: 
1. 5 5 a mCC^3ii£C<b 1% 

[0014] *fc, Appl. Phys. Lett, v 
ol. 59 (1991) pp. 2688 (C % (G a A 
s) 1/ (-fVS^AiBR : InAs) 1 iSt&^£#F 

^fiTifcgl. 3/im^e^.^l. 3 4/xm*rcD^ 

K«S«:E«snT^*J:5K: % (G a A s ) 1/(1 
nAs) lfitS^, IaJ«&cGa Asg&iCtJfr&Lfc 
^IttflttDG a (0. 5) 1 n (0.5) A s mm* 0 fcS&S 

*3 !Stt)?KSgOG a (0.5) I n(0.5)AsCD'O FffiSfc: 

[0015] COJ:5 ttH«aHfiCcJ:*^> * » 7 
^P^-f>^«^ , J^A-r>^^AJBGa(0.5) I n(0. 
5) P Kfc » & g «8a*^F»«o»K: fe tSW 3 tlT C^ e 
*/c, Ste^AHS** &&#ttS§<DGa(0.5)I n(0.5) 
As<DBJWW*«fcO»<8WLT*>* iSStttfiSTt/ft 

cn*rRJfiUT*ftiiH«CE«)!P»^. (GaNA 
s ) 1/ (In NA s ) 1 ©S^ffFlf 
fcfe«flTCS*ftA, N^Afi*l%«T*CL/c££, 
®S 1.55 inm*aiL4fiiSfiT?0»**^"C# 

1 %£lT^fiTS*fc«a«"C*>. «fil. 5 5m m«-C 

imibtftZ. ft. H»D»*tt. GaNAs, InN 
AsWC AINAs, GaNP, InNP, A 1 N 
P, GaNSb. InNSb, A 1 N S b £flH>TjgtS 

[0016] 
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t*T»WCC»?8Ta. ^MO±B3»l<C>BW*JtRRr 
Sfc«>®5l*WiLT, Hl(c«bfc»l**«*JJ:W 

T> 01 4fflc^r**SfeCT*l¥*fflCcitt^-rSo 01 

(a) «i*fc«©*»#P--1f©IRnflljfi*. 0 1 

(b) »*|lil6W©ffi1^©l£^:BI*^0"Ct»&. 

[0017] 01(a) z&misxm+cDmiJi 

m*mMfclftW'?2>o niGaAslSl±K: 4 
nSG a A nSA 1 (0.4)Ga (0.6)A 

s>7?F13," !&#ffiffiS^S^#Fr£ttJB 7, pS 
A 1 (0.4)Ga(0.6)A s??-? KH8v pSGa(0.5) 
In(0.5)Px^>W±19, PIAl(0.4)Ga 
(0.6)A s y KM 1 0 , plGaAs^t'^'fl 
liffc^ttxtTir + ^-ffitCAOJIia^flEra. CCDB$ 
(D, G a I n N A s 1 %r£> 

4. 

[0018] tt*>, j£*ffi^^M^#Fffit4@7tt, 
20 ^cDftfc*;0£01 (a) CC^-TJ:^^. GaN(0.02)A 
s(0.98)P§HIi KS) (Jf«l 50nm) 4fc 

J:t>*5 <b, Ga (0.80) I n (0.20)N (0.02)A s (0.98)# 
F8 (ff7nm) 6i^«?ti^ 
[00 19]^C, Wki^X^tlt^hX7^> 
yxg6Cj:D, 01 (a) te7jVr<fc9&'; 
fx ^>^c£9Jfr£ir£o i^>^iJpSGa 
(0.5)In(0.5)Px^> ^ff ±J1 9T±$£<J:5Cfr 
C(D<t#cr>y ySxlfltt 1 — l 5 um£~rz> 0 

30 l/~C\ 01 (a) fC^tJ:MCnlAl(0.4)Ga 
(0.6)As^6fe^lll 2^StRfi£ST4p -£<D&> 
g^^x^r^m^/cU x ^>^CcJ;r)ji!RES; 

GaAs3>^^hll3^JStSo 
[0 020] ftf&GC, pSGaAsn>^^H13ic 
p«J«ffil4* % nIGa A s Stg UC n fffMg 1 5^: 
*«Ufc«, *IBj*«:J:0 WB«fiJft9 0 0 /imCDU- 

(A : f£5gi&g) Oil^coS i 0,KJ:£(£RI*K€:, 
40 jR^-<D«ffitcS i diT^V^r^S i^6tt54)i 

it. 

[002 1 ] Kf*L//cJRiF-«y 9 ^13 MmCDfgT-T\ 

Sttttl. 3^mt*o/c c */c, 2 5X^*68 5 *C© 
«HCCfcW4WttjaKT 0 ttl 5 OKT^^/c. */c, 

*u-iftt, r£l4B(DSS*i/hSi>cDr% l o^raw 

±CDSC A* * L /Co 

50 [0022] (»2*»W) »2«»««. **W*H 



jt«*ig4*flai^t:»fflccKwrs. H4 (a) 

*Wfl©*OT«tt*. B4 (b) tt43HfcW©fgtt»©lt 
^i^Ltl^ e fcfc, 04 (a) 5:#SSLt^0 
fB8*ft*BMBCcKWr&. *"J\ nSGaAsifil 
±CC, nfi¥aH&BIIKIM2 0, GaAs^-t 

2 5, GaAsIfitCtH-fi60fcpaGa(0.5)In 
(0.5)P#7? KB2 6, p!GaAs3>^^hf2 

A0?:04 <b) CCtjVTJiSK:, GaN(0.02)A s (0.9 
8)©HH (I15nm) 2 2 4 G a (0.80) I n (O.20)N 
(0.02)A s (o.98)#FB (II5nm) 2 3*»6»JSE3 
3fiS^#FrSttfl2 4« 4 jSAIiflBM^F 

[0024] ¥*MMNKMM2 0 1 
/4 ttfi»©iWB*r*<Z>G a A s 1 /4 

^SI^OfifflSf^CDA 1 I nPi*S2(CBWL;fct>0 

HW*%9 9%«±(cf4/c«>«:S**«BI©« 20 
Btt*15»<fcLfc. ttte, *S»fl^BIBJ5»«2 0l* 
mfflMI ifiJSJf nwssicni $ fix t <fc i> 

<DT\ «jttf, GaAsiAl As, GaAsiGal 
nP, *£C>teGa I n N A s <b A 1 A s m<Dfk<Dffl$?fk 

[0 02 5] ffc:WMl*«X8±* h U5>* hX 

etc <t 5 ittS 1 0 m mCORJKCD S i 021 <M<DJMV 

•>x-;H^>ywJ'tt«:tS > vx^ 30 

«C«C4S i O a K%Slb/c**^«tB*axS^«tD 
S iO,KM2 8«M^ -£<D±CCtf';^* F29 

*>y*c«fc9s i o,^***«mT*sr#y >f 5 f 

2 9*x?*-:/^U p*+ND_bgP<DS i O, *?X?*m 

[0 02 6] C<D«. »j7ht7ttW0«>ytt(Dp 
fflttS 1 3 «rJgfiR b tci& X » ^ J: D SlUtt 

^B«Rlt*3 0*J&«U S6^CnSGaAsSSI 
n ffiUffi 1 4 tflftft L/c„ ■mflMHSMM 3 0 40 

S i Jliiimtt+T 1 /4iSSi¥?CDlgiatfT*S i O, 
»££SK«BL-Cf¥SL/c 0 5*»*9 9K«±«cT 
£fc#&CiSB£fc£4:tt<Lb/c., ft**, SfUft^BI^Si* 
«3 0tt*ffl»r*B<!:iSB»r*B*«3SS«:aB3nri» 
fttfcfcC>CDX\ Wttt, SiNiSiO^ T^Jl^y 
^SiiSiN, 0t(r>t*T i 0..&S i 0,*<Dte©W*4 

[0 02 7] £l±<DJ:^«:U-C»ffL//cH«*U-1f«: 
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[002 8] *^OSatt*»0— or**Ga NA s 
feS 3 5c»*fcttG a N P A s ft £ 4 jcJROlb^W** 
«K3ft»i5*j«3ti4l»fiBtt 4 WfcGa InNAs<D47U 
»©{ t£tt*»fl* 6 ft S S^#FB CC jETLRV*^* 

[0 0 2 9 ] #»W©±R»2 ©BWfciftdET* 

fc»©ISS«<!:i/-c t ElBCc^-i/ftiSraiaswitectVBI 

6 ^Cth L fc J* 4 jGNMPft & o 

SGKM«l¥MKcH9!-rS. 05 (a) tt, *Hte^l©^ 
^f*u~1f©lBrffifi£j&£, H5 (b> M*§lt6W<E>r£te 

fflR <N) ©^ACCtt^WtttBrOfiRSffi^aL/rt* 
SiC^^fl^Klxtr**^- (MBE) j£*>««fc£ 
flWfc*afflflE« (MOCVD) S«amibTD&. CC 
-CBfiJEfi*j£*^V-^MBE (GS-MBE)ffii 

*»««r«vBi7aR(0fl«&iHi LT, iflJg (A 
s) Kl|»UTtt7V1/5/> (AsH 3 ) *J»*^**>y 

rffim-r^o fW«*»fl««Bna0GaAsIK 
5 1»5. AsH.MTOAsSlSm^ 

a«*ffioHa«* i o #racD$t ^ y -~ > ycc <fc o m 

S*£5 l±R!S/y=i> (Si) 4 F-^Ufc 
nIGaAs^77rl5 2£j£g-r£ a 
[0030] C<Dt&, nSA lGaAs^^^FIS 
3, y>hWGaAsWW Ofc#-fFB) 5 40IH 

tcfissra. ^cc, N^xviAsH^Miw 

P)Gai I n©5^?*-*£5CCMMl,-C. G a N 
(0.0085) A S (0.9915) 1/InN (0.0085) A s (0.9915) 

C<0i#^BtOBOTttft9nm-C*i. *©fft, 
Xvcd«*&^±«), y>K^GaAsBII (3fetf-Y 
FB) 54, p^A 1 Ga As 9 s * v KB 5 6CDJ1BU:^ 

MtCpSGaA s*^ ?^B5 7 «rfiRfi-T 
S 0 c©J:5^brfWSnfc«CC»{Ui5 8*0iaS 

{fcJ«*Rfe*UfcfiL pS1®5 9 4M-T^o ttlr^r, 
nIIS6 0?:WLm ^ggXS*ST, ftJggiS 
4 0 0 Min©U-1f*^«:f&/c. W&>X. ^-T-BuffiCc® 

7, h^^7'iH^5 MmiL/, Hfi«SfgfiJB5 OmATS 
iBitffiAlBbfe. MBUB 1.55 MmTfeo/c, S 
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*H6*flJlvr||ffl!TS. ##S9§©8IS§£ r££B©&B©S<t£<*©2£fttt(&M-Cta„ 

fclSfi#i£«#XV-*MBE (GS-MBE) &£ L fijgg^^U— tfO^tf-OfFStt^^CCSf* 

fc„ f^K'T 5¥iMWnlOG a A s i«6 1 £/B SCi^T*. <fc <5 Wtt^«c*^<* U — tf*ffi«TSC 

(DWlimZ 1 0#IS©&*y-->^C < £«3l$5feL,fc [0 03 6] #«WKJ:ntf. M^^aHtJft* 

ft, S«t6 l±fCn5SA lAs/nIGaAs(Cj:4T £«tliK3n*¥ig{*U-1f©#FBK:. g3,£^i?HI- 
8B^BI8£*fg&6 2£2 5M»jaBL-fc„ -e©^*, 10 vK®S**f*^<t**-©*»»)l£^^tfni-V 

•en-en*^*-ci/4ies/ftc^c^j:5K0fc. * ^ig B ^¥^<*«:J:2.^~©^ft)l*S^ im^f-m^ 
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